This report describes the bioconversion of 19-hydroxy-androstaA4,7-diene-3,17-dione into equilin with Nocardia rubra. Through mutation and improvement of medium and of conditions, the bioconversion could be improved to yield 40% equilin for a substrate concentration of 1 g/liter. Aromatization of several other 19-hydroxy and 19-nor substrates of the androstene series is reported, and the influence of various substitutions of the substrate molecule on aromatization is discussed.
Microorganisms. Microorganisms were maintained on nutrient agar slants at 4 C. A loopful of microbial growth was inoculated into 50 ml of sterile nutrient broth in 250-ml Erlenmeyer flasks to develop the inoculum. The inoculated flasks were incubated at 25 C for 24 hr on a rotary shaker (240 rev/min, 2-inch stroke). A 5-ml amount of the resulting culture served to inoculate 50 ml of bioconversion media in 250-ml Erlenmeyer flasks. A suitable enzyme inducer (usually progesterone), at a concentration between 0.5 and 5 mg dissolved in 0.5 ml of ethanol, was added to each bioconversion flask at the time of inoculation. The inoculated flasks were incubated for 48 hr at 25 C, at which time the required substrate dissolved in 0.5 ml of dimethylformamide was added with stirring, and incubation continued for another period of time (between 24 and 120 hr).
Extraction of transformation products. At the end of incubation, the whole fermentation broth was extracted twice with ethyl acetate-benzene (1:4). The extract was dried over sodium sulfate and evaporated to dryness under vacuum.
TLC. The dry residue was dissolved in 5 ml of methanol-benzene (1:1) and a measured volume spotted on thin-layer chromatography (TLC) plates coated with silica gel G. The plates were developed for 2.5 hr in 10% collidine in carbon tetrachloride, dried in air, and sprayed with a solution of 1% pnitrobenzene diazonium fluoborate in 50% acetic acid to reveal the red spots of equilin (Rf about 0.75).
The density and area of the spots were compared with those of known standards of equilin spotted on the same plate. GLC. The crude extract was partially purified before submitting to gas-liquid chromatography (GLC). A 3-mg amount of crude extract was dissolved in 0.2 ml of methanol-benzene (1:1) and spotted as a streak on a silica gel G thin-layer plate (2 by 3 inches; 5.08 by 7.62 cm). The plate was developed in benzeneethyl acetate (70: 30) for about 10 min, air dried, and observed under shortwave blackray ultraviolet (UV) lamp. Two well separated bands of phenolic ketones (estrone, equilin, equilenin, and A6-estrone) and phenolic alcohols (estradiol and dihydro-equilenin) were obtained. The bands were scraped and eluted with acetone. The elution efficiency of standards from thin-layer plates was 80%. The acetone extracts were dried and subjected to GLC. The phenolic ketones were transformed into trimethylsilyl ether derivatives and chromatographed on 2' 5% DEGS on GAS-CHROM Q at a column temperature of 200 C (G. Spectrophotometric assay of equilin. The assay of equilin is based on the specific blue color (635 nm) which develops when an alcoholic solution of equilin is heated in the presence of the equilin reagent (U.S. Pharmacopia, 1970, 18th ed.). A linear curve is obtained for concentrations between 5 and 10 pg/ml. Equilenin, estrone, and A6-estrone, the other most common phenolic products, do not react. This assay was used as a screening procedure.
The equilin reagent is prepared as follows. To 145 g of freshly distilled and cooled phenol, 90 ml of concentrated sulfuric acid are added and mixed until the phenol is liquified. The mixture is allowed to stand in the dark for 16 to 24 hr. An 84-ml amount of the mixture is added to 280 ml of 50% sulfuric acid (v/v). Beef extract (Difco). A solution consisting of 5.6 ml of concentrated hydrochloric acid and 2.4 ml of a 0.1% cobalt nitrate solution, brought to 28 ml with distilled water, is added to the above mixture. The reagent is heated to 95 C in a water bath and maintained at that temperature for 30 min. The reagent is then cooled and stored in amber bottles. Samples of unknown solutions were prepared by pipetting 5 ml of bioconversion broth into a glass centrifuge tube, shaking the mixture with 2 ml of methylene chloride, and centrifuging. The supernatant fluid was removed by aspiration. The methylene chloride extract was evaporated to dryness under nitrogen. The residue was dissolved in 2.5 ml of freshly distilled ethanol, mixed well and centrifuged; 0.5 ml of the ethanol solution was used for spectrophotometric assay. The blank consisted of the same broth free of substrate and similarly extracted. (Table 4) . Although all the compounds tried induced the aromatization enzyme system, progesterone at 0.1 mg/ml was found to be the most effective inducer.
Effect of substrate concentration and incubation time. Substrate was added at a single charge of 0.1, 0.4, and 1.0 mg/ml and in successive addition of 0.1 mg/ml every 24 hr to a final concentration of 0.5 mg/ml. The results are presented in Table  5 . About 40% of the substrate charged at 1 mg/ ml could be transformed into equilin in 120 hr. Traces of estrone, A6-estrone, equilenin, and dihydroequilin were also produced.
Transformation of other substrates. Several other 19-nor and 19-hydroxy derivatives of the androstane series were subjected to bioconversion with N. restrictus, N. rubra, and N. rubra mutant AY B-340. The results are presented in 
